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Abstract. Different corn grains were fractionated into different fractions on the basis of 
their size. The starches were separated from these fractions and evaluated for physicochemical and 
rheological properties. Significant difference was observed in various properties among different 
fractions of corn grains. Amylose content of starches from different corn types ranged between 
15.3% and 25.1%. Rheological properties of the starches from different fractions of corn 
measured using a dynamic rheometer, showed significant variation in the peak G0, G00 and peak 
tand values. The turbidity of the gelatinized aqueous starch pastes from all the corn types increased 
with increase in storage period. 
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INTRODUCTION 
 
 In Romania, corn has become the second important food grain after wheat. Starch is 
the major carbohydrate of corn, making up 72-73% of the kernel (Watson & Ramstad, 1991). 
There are five general classes of corn: flint, pop, flour, dent and sweet corn which differ 
significantly in physicochemical characteristics and horny to floury endosperm ratio. These 
variations in corn characteristics have been attributed to hereditary and environmental factors. 
Starch granules swell when heated in excess of water, and their volume fraction and morphology 
play important roles in rheological behavior of the starch dispersions (Da Silva, Oliveira, & 
Rao, 1997). The present investigation was undertaken to study characteristics of different corn 
types, their grain fractions and physicochemical and rheological properties of their starches. 
 
MATERIALS AND METHODS 
 
1. Materials 
 Dent corn, pop corn and baby corn (dent type) were procured from S.C.D.A. Oradea, 
Romania from the 2008 harvest. The grains of each type were separated according to their size 
and shape. 
 
2. Starch isolation 
 Starch was isolated from different corn fractions using a combination of alkali 
extraction method of Mistry and Eckhoff (1992) and corn wet milling method by Watson (1964) 
with following modifications. Different corn types (300 g) were steeped in water containing 
0.16% sodium hydrogen sulphite for 12 h at 50 °C. The steep water was drained off, and grains 
were ground in a laboratory blender. The ground slurry was screened through nylon cloth (100 
meshes). The slurry was allowed to stand for 2 h. The cloudy supernatant was drained off, and 
the sediment was then steeped in 5-6 volumes of NaOH solution (0.2%) at 25 °C for 12 h. The 
slurry was then passed through 325-mesh sieve. The material left over the sieve was discarded 
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and the filtrate was resuspended in distilled water. The supernatant was then removed by suction. 
Starch was given repeated washings with distilled water to remove all the alkali until the 
supernatant no longer showed any pink color with the phenolphthalein. The starch was then 
collected and dried in an oven at 40 °C for 24 h. 
 
3. Physicochemical properties of starch 
3.1. Amylose content 
 Amylose content of the isolated starch was determined by using the method of Williams, 
Kuzina, and Hlynka (1970). 
 
3.2. Swelling power (g/g) and solubility (%) 
 Swelling power and solubility were determined in triplicate, using the method of Leach, 
McCowen, and Schoch (1959). 
 
3.3. Turbidity 
 Turbidity of starch paste from different corn types was measured as described by 
Perera and Hoover (1999). A 1% aqueous suspension of starch from each corn type was heated 
in a water bath at 90 °C for 1 h with constant stirring. The starch paste was cooled for 1 h at 30 
°C. The samples were stored for five days at 4 °C in a refrigerator and turbidity was determined 
every 24 h by measuring absorbance at 640 nm against a water blank with a Shimadzu UV-
1601 spectrophotometer (Shimadzu Corporation, Kyoto, Japan). 
 
3.4. Water binding capacity (WBC) 
 WBC of the starches from different corn types was determined using the method 
described by Medcalf and Gilles (1965). A suspension of 5 g starch (dry weight) in 75 ml distilled 
water was agitated for 1 h and centrifuged (3000g) for 10 min. The free water was removed from 
wet starch, drained for 10 min and wet starch was weighed. 
 
4. Retrogradation (%) 
 Starch suspension (2%, w/v) was heated at 85 °C for 30 min in a temperature controlled 
water bath, followed by rapid cooling in an ice water bath to room temperature. The starch sample 
was stored for 24, 48 and 120 h at 4 °C. Syneresis was measured as percentage amount of water 
released after centrifugation at 3200 rpm for 15 min. 
 
5. Rheological properties 
 A small amplitude oscillatory rheological measurement was made for different corn 
starches with a dynamic rheometer (Carri-Med CSL2-100, TA Instruments Ltd., Surrey, 
England) equipped with parallel plate system (4 cm diameter). The gap size was set at 1000 lm. 
The strain and frequency were set at 0.5% and 1 Hz, respectively, for all determinations. The 
dynamic rheological properties, such as storage modulus (G0), loss modulus (G00) and loss 
factor (tand) were determined for starches from different corn types. Starch suspensions of 20% 
(w/w) concentration were loaded onto the ram of the rheometer and covered with a thin layer of 
low-density silicon oil (to minimize evaporation losses). The starch samples were subjected to 
temperature sweep testing and were heated from 45 to 90 °C at the rate of 2 °C/min. 
 
6. Statistical analysis 
 The data reported in all the tables are an average of triplicate observations. The data 
were subjected to statistical analysis using Polifact software. 
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RESULTS AND DISCUSSIONS 
 
1. Physicochemical characteristics of corn starches 
 Amylose content of starches separated from different corn types ranged between 15.3% 
and 25.1% (Tab. 1). Pop corn small grain fraction starch had the highest whereas baby corn 
starch had the lowest amylose content. An amylose content of 22.1% in corn starches has been 
reported earlier by Singh and Singh (2003). Pop corn small grain fraction showed higher amylose 
content than its counterpart medium and large grain fractions. 
Tab. 1 
Swelling power, solubility, water binding capacity, amylose content, mean diameter and turbidity of starches 
separated from different corn types and their fractions 
 
Corn type  Fraction  Swelling  
power 
(g/g) 
Solubility  
(%)  
Water 
binding 
capacity 
(%) 
Amylose 
content 
(%) 
Turbidity (nm) 
0 h 24 h  48 h  72 h  120 h  
Dent corn  Bold 17.94 18.6 98  20.5  0.82  1.14  1.32  1.46  1.53  
Dent corn  Long 17.9 20.8  102  23.1  0.91  1.20  1.36  1.51  1.57  
Pop corn  Small 16.2  18.2  106  25.8  0.96  1.41  1.54  1.58  1.67  
Pop corn  Medium 17.6  18.9  105  22.3  0.89  1.45  1.54  1.57  1.66  
Pop corn  Large 16.5  18.1  108  24.2  0.91  1.52  1.54  1.61  1.67  
Baby 
corn  
– 14.7  12.7  109  15.7  1.30  1.41  1.42  1.59  1.69  
 
 The ability of the starches from different corn types to swell in excess of water and their 
solubility is presented in Table 1. The swelling power and solubility of starches from different 
corn types ranged from 14.9 to 17.9 g/g and 12.5 to 20.3%, respectively. Highest swelling power 
was observed for dent corn bold grain starch. The swelling power of starch has been reported 
to depend on water holding capacity of starch molecules by hydrogen bonding (Lee & Osman, 
1991). Hydrogen bonds stabilizing the structure of the double helices in crystallites are broken 
during gelatinization and are replaced by the hydrogen bonds with water, and swelling is 
regulated by the crystallinity of the starch. Among various pop corn grain fractions, medium 
grain fraction had highest swelling power and solubility. Dent corn bold grain fraction had higher 
swelling power as compared to its counterpart dent corn long grain fraction. Baby corn starch 
has a low amylose content and swelling power, so lower amylose content-higher swelling power 
applies only for starches granules obtained from same corn type. 
 The differences in WBC of starches from different corn types may be attributed to the 
variation in their granule structure. Pop corn medium grain fraction had higher WBC than its 
counterpart's small and large grain fractions. Dent corn long grain starch had higher WBC than 
dent corn bold grain starch. The turbidity values of gelatinized pastes of the starches separated 
from different corn types is shown in Fig. 1. Pop corn starch pastes showed highest turbidity 
values whereas lowest values were observed for dent corn starch pastes after 120 h of storage 
at 4 °C (Tab. 1). The turbidity values of the starch paste from all corn fractions increased 
progressively during storage. The increase in turbidity during storages has been attributed to the 
interaction between leached amylose and amylo-pectin chains that led to development of function 
zones, which reflect or scatter a significant amount of light (Perera & Hoover, 1999). 
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Fig. 1. Effect of storage duration on the turbidity of starch pastes from different corn types. 
 
2. Retrogradation properties of corn starches 
 The extent of retrogradation in starches from different corn types is shown in Table 2. 
Starch retrogradation occurs when starch molecules begin to reassociate in an ordered structure. 
Starch gels are metastable and nonequilibrium systems and therefore undergo structural 
changes during storage (Ferrero, Martin, & Zantzky, 1994). Pop corn large grain fraction starch 
gel showed highest (2.7-17.3%) while baby corn starch gel showed lowest (2.5-6.4%) 
retrogradation values observed during the 120 h of storage at 4 °C. Pop corn large grain fraction 
starch gel showed higher retrogradation than its counterpart's small and medium grain starch 
gels. A higher rate of retrogradation was observed in dent corn long grain starch gel than its 
counterpart bold grain starch gel. The retrogradation in starch gels from different corn types 
increased with the increase in the storage period. The retrogradation properties of the starch gels 
are indirectly influenced by the structural arrangement of starch chains within the amorphous 
and crystalline regions of the ungelatinized granule, which in turn influence the extent of granule 
breakdown during gelatinization and the interaction that occurs between starch chains during 
gel storage (Perera & Hoover, 1999). 
Tab. 2 
Effect of storage duration on the retrogradation of starch gels from different corn types and their fractions 
 
Corn type Fraction Retrogradation (%) 
24 h 48 h 120 h 
Dent corn Bold 1.8 5.0 14.1 
Dent corn Long 2.6 7.4 15.7 
Pop corn Small 2.4 4.6 16.6 
Pop corn Medium 2.2 5.3 15.1 
Pop corn Large 2.8 7.5 17.4 
Baby corn - 2.3 3.9 6.7 
 
3. Rheological properties of corn starches 
 The rheological properties of starches separated from different corn types during heating 
are shown in Table 2. The temperature at which G0 was maximum (TG0) ranged from 73 to 73.7 °C, 
highest for dent corn bold grain fraction and baby corn starch gels and lowest for starch gels 
from pop corn small and large grain fraction was observed. The temperatures observed for peak 
G0 and G00 of corn starch gels ranged between To and Tc obtained with DSC. Peak G0 and G00 
values of different corn starch gels ranged between 2172-5354 and 383-920 Pa, respectively. 
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 Among different pop corn grain fractions, large grain fraction starch gel had the higher 
peak G0 and G00 (5354 and 920 Pa, respectively) whereas lower peak G0 and G" (2172 and 393, 
respectively) was observed for starch gel from small grain fraction of pop corn. As the tempera-
ture increased, G0 and G00 increased, reached a maximum and then dropped during the heating 
cycle. The initial increase of G0 could be attributed to the degree of granular swelling to fill the 
entire available volume of the system (Keetels & Van Vliet, 1994), and intergranule contact 
might form a network of swollen granules (Wong & Lelievre, 1981). The lowering of G0 with 
further increase in temperature could be attributed to the melting of remaining crystallites, which 
resulted in swollen granules to become softer (Tsai, Li & Lii, 1997). So, continuous heating 
provided the energy to the inside of the granule to breakdown the residual crystalline structure of 
the granule. This caused G0 to drop back down. Starch gel from dent corn bold grain fraction had 
higher TG0, peak G0 and G00 than starch gel from dent corn long grain fraction. The extent of 
breakdown in G0 is a degree of disintegration of starch granules (Singh, Singh, & Saxena, 2002). 
Pop corn large grain fraction starch gel showed maximum breakdown in G0, followed by baby 
corn starch gel whereas it was lowest for pop corn small grain starch gel. The differences in 
breakdown values among corn starch gels may be attributed to the differences in morphological 
characteristics of starch granules and peak G0 values. The loss factor, tan dðG00=G0Þ is the ratio of 
energy lost to energy stored during a cycle. Peak tan d values of starch gels from all corn types 
were <1. Peak tand value was 0.181 for pop corn small grain fraction and 0.122 for pop corn me-
dium grain fraction starch gels. Among dent corn fractions, starch gel from long grain fraction 
had higher values of breakdown and tan d than starch gel from bold grain fraction. The differences 
in G0, G00 and tan d during the heating cycle may be attributed to the difference in the starch 
granule structure which in turn depends on their biological origin. Therefore the rheological 
properties of starch depended mainly on the interaction among close-packed granules and their 
rigidity during the heating process.  Lii, Tsai, and Tseng (1996) reported that rheological behavior 
of gelatinized starch suspension was primarily due to intergranular interaction, such as 
entanglement between surface molecules of adjacent granules and the properties of the granules 
themselves. 
Tab. 3 
Rheological properties of starch gels from different corn types and their fractions during heating 
Corn type  Fraction  T G0  (°C)  Peak G0  (Pa)  Peak G00 
(Pa)  
Breakdown in 
G0 
(Pa)  Peak 
tand  
Dent corn  Bold  73.6  2921  421  1169  0.147  
Dent corn  Long  73.2  2461  384  1393  0.145  
Pop corn  Small  73.3  2162  396  1100  0.179  
Pop corn  Medium  73.5  3622  437  2023  0.120  
Pop corn  Large  73.1  5362  927  3181  0.170  
Baby corn  –  73.8  4880  818  2948  0.172  
 
 
CONCLUSIONS 
  
The results revealed a variation in physicochemical properties of starches separated from 
various fractions of pop corn and dent corn. Baby corn starch showed lowest swelling power, 
solubility, amylose content, and retrogradation. This starch has better suitability as thickening 
agent for products stored under refrigeration/frozen conditions as compared to other starches. 
Pop corn large grain fraction starch with highest peak G0 and G00 could be a good gelling agent in 
products not to be refrigerated because of its lower stability towards retrogradation. 
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